Introduction {#Sec1}
============

During the last decades, studies have reported an increase in the use of psychotropics in the United States (US) \[[@CR1], [@CR2]\]. The increase has been attributed to a surge in the number of children diagnosed with Attention Deficit Hyperactivity Disorder (ADHD) and autism \[[@CR2], [@CR3]\], and to the expanded labeling of several psychotropics to include children \[[@CR4]\]. In addition, changes have been made in child and adolescent mental health care, due to clinical and regulatory changes in the US; multiple initiatives such as authorization requirement prior to the prescription of psychotropics; \[[@CR5]\] and to the approval of new products and indications. Studies assessing the utilization of psychotropics in the US have focused on psychotropic use in general or by dividing them into different classes: stimulants/other drugs to treat ADHD, anxiolytics-hypnotics-sedatives, antidepressants, antipsychotics, mood stabilizers and drugs to treat drug dependence.

Currently, less information is known about other types of psychotropic use such as benzodiazepines and non-benzodiazepine sedatives and anxiolytics, and drugs to treat alcohol, nicotine or opioid dependence in children and adolescents in the US. To our knowledge, only one study has been published describing the utilization of anxiolytics in children, showing that between 1995 and 2010, the utilization of anxiolytics for children had remained the same while in adolescents they had increased \[[@CR6]\].

Various studies assessing the utilization of psychotropics in the US have focused on psychotropic use in general or by drug class. However, less attention has been given to single medications. The objective of this study is to estimate the year prevalence of (i) total use of psychotropics, (ii) each of the 6 major drug classes and (iii) all individual psychotropic drugs prescribed in the US to children and adolescents in the years 2004 and 2014 and to evaluate if there has been a statistically significant change in prevalence during this time period.

Methods {#Sec2}
=======

Source of data {#Sec3}
--------------

Data for the analyses were obtained from the MarketScan Commercial Claims and Medicare database and the MarketScan Medicaid database \[[@CR7]\]. These are medical claims databases from the USA, maintained by Truven Health Analytics. These databases contain de-identified, person-specific health care data, including clinical utilization, expenditures, insurance enrollment, plan benefit, and outpatient prescribing information.

Study samples {#Sec4}
-------------

The analytic sample included all individuals 2 to 18 years of age. Two cohorts were created, one which included patients enrolled for at least 12 months between 01 January 2004 and 31 December 2004 (*N* = 6,808,453) and one between 01 January 2014 and 31 December 2014 (*N* = 11,082,260). From the study population defined above, all individuals prescribed one or more psychotropic drugs at least once during the calendar year were identified (2004 *N* = 582,232; 2014 *N* = 997,594).

Exposure definition {#Sec5}
-------------------

MarketScan utilizes the Systematized Nomenclature of Medicine (SNOMED) to classify drugs. This system is based on a multiaxial, hierarchical, classification system. The level that selects all generic and commercial drugs and all formulations was selected.

Our analyses focused on studying psychotropic drugs as a whole, into 6 different drug classes and for the individual drugs. Patients were included in the psychotropic drug use category if they were prescribed with one or more individual psychotropic drugs during the calendar year. Further, individuals were allocated into six different drug classes (1.stimulants/other drugs to treat ADHD, 2. anxiolytics-hypnotics-sedatives 3. antidepressants, 4.antipsychotics, 5.mood stabilizers and 6.drugs to treat drug dependence) according to their prescribing information. If the individual was prescribed with different psychotropics, they contributed to several groups. Age groups were divided in three: preschool (age 2 to 4), children (age 5--12) and adolescents (age 13--18).

Statistical analysis {#Sec6}
--------------------

For ease of interpretation, year prevalence was presented and referred to as percentage. For each study year, percentage was calculated based on 3 separate levels i) Psychotropic Medication: calculated as the number of persons prescribed with one or more of the 87 drugs (numerator) divided by the total number of children in the database (denominator) multiplied by 100. ii) For each of the 6 drug classes, calculated as the number of persons in each drug class (numerator) divided by the total number of children in the database (denominator) multiplied by 100. iii) Finally for each of the 87 individual drugs: calculated as the number of persons prescribed with an individual drug (numerator) divided by the total number of children in the database (denominator) multiplied by 100. For the i and ii categories, the prevalence was further stratified by sex and by age. Confidence intervals for all estimated percentages were constructed using the exact Clopper-Pearson method \[[@CR8]\]. Confidence intervals for the ratios of percentages were constructed using the standard asymptotic interval estimator \[[@CR9]\].

### Data availability {#FPar1}

The data that support the findings of this study are available from Truven Health Analytics but restrictions apply to the availability of these data, which were used under license for the current study, and so are not publicly available. Data are however available from the authors upon reasonable request and with permission of Truven Health Analytics.

Results {#Sec7}
=======

The percentage of children and adolescents who received psychotropic drugs increased slightly from 8.55% (95% CI 8.53--8.57) in 2004 to 9.00% (95% CI 8.98--9.02) in 2014 (Ratio 1.05, 95% CI 1.05--1.06 *p*-value 0.000). The percentage in each drug class in 2004 and in 2014 respectively was: stimulants/other drugs to treat ADHD 5.00 and 5.83% (*p*-value 0.000); antidepressants 2.81 and 2.69% (*p*-value 0.000); anxiolytic-hypnotic-sedative 2.18 and 2.26% (p-value 0.000); mood stabilizers 0.10 and 0.06% (*p*-value 0.000); antipsychotics 1.29 and 1.08% (p-value 0.000); and for the drug class to treat drug dependence 0.02 and 0.02% (p-value 0.000). (Fig. [1](#Fig1){ref-type="fig"} and Supplement [1](#MOESM1){ref-type="media"}).Fig. 1Percentage of children and adolescents prescribed with a psychotropic

In both time periods, the most frequently utilized drugs for the different classes was methylphenidate (stimulant/ADHD), risperidone (antipsychotic), hydroxyzine (sedative), sertraline (antidepressant), lithium (mood disorders) and naltrexone (drug dependence) (Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Prevalence of psychotropic drug class by age

In relation to age, prescriptions decreased for preschool children (3.08 in 2004, 2.63 in 2014) and children 5 to 12 years (8.74 in 2004, 8.73 in 2014), but slightly increased for adolescents (10.89 in 2004, 12.11 in 2014) (supplement Table [1](#MOESM1){ref-type="media"}). The most prescribed drug class in preschool children (age 2--4) was anxiolytics-hypnotics-sedatives (driven by hydroxyzine); for the ages 6 to 16, stimulants and drugs to treat ADHD; and for ages 17 and 18, antidepressants. In both 2004 and 2014, there were more males prescribed with an antipsychotic. When stratifying by sex, males were prescribed more often with stimulants/other drugs to treat ADHD, antipsychotics and mood stabilizers than females. Females were prescribed more often than males with anxiolytics-hypnotics-sedatives, antidepressants, and with drugs to treat drug dependence (Fig. [3](#Fig3){ref-type="fig"}).Fig. 3Prevalence of Psychotropic drug class by sex. ADHD & S = attention deficit hyperactivity disorder and stimulants, AHS = anxiolytics hypnotics or sedatives, AD = antidepressants, AP = antipsychotics, MS = mood stabilizers Drug Dependence less than 0.1 not included in figure

For the stimulants/drug to treat ADHD drug class, methylphenidate was the most prescribed in both 2004 and 2014 (2.57%, 2.62%). Lisdexamfetamine was not used in 2004, and in 2014 it became the second most prescribed in this drug class (0%, 1.65%). The prescribing of dextroamphetamine (1.93%, 0.57%) and atomoxetine (1.34%, 0.37%) decreased by more than half; while it increased for clonidine (0.58%, 0.95%), guanfacine (0.15%, 1.02%) and dexmethylphenidate (0.14%, 0.84%). For antipsychotics, the only drug that had an increase was aripiprazole (0.23%, 0.37%). The prescribing of risperidone (0.67%, 0.50%), quetiapine (0.35, 0.22%) and olanzapine (0.18%, 0.06%) decreased. In the anxiolytic, hypnotic and sedatives group, the estimate was driven by hydroxyzine (1.44%, 1.44%). The prescribing of diazepam (0.30%, 0.38%), lorazepam (0.11%, 0.14%), clonazepam (0.10%, 0.13%) and buspirone (0.07%, 0.11%) also increased. In relation to mood stabilizers, the prescribing of lithium decreased (0.10%, 0.06%). In relation to antidepressants, SSRIs (1.88%, 2.03%) were the most frequently prescribed. Of the SSRIs sertraline (0.74%, 0.82%), followed by fluoxetine (0.47%, 0.68%) were the most prescribed.. There was a decrease in the prescribing of tricyclics (TCAs) (0.39%, 0.33%) and tetracyclics (0.21%, 0.14%) antidepressants. The prescribing of amitriptyline increased (0.16%, 0.21%), whereas it decreased for all the other TCAs and tetracyclics. The prescribing of drugs to treat dependence was very low, the most prescribed was naltrexone (0.01, 0.01).

Discussion {#Sec8}
==========

The results of this study showed that in a 10 year period the overall use of psychotropic increased slightly (from 8.55 to 9.00%). The small increase was driven by the adolescent group aged 13 to 18. Prescribing decreased for pre-school children age 2--4 and remained the same for children ages 5 to 12. The prescribing increased for stimulants/other drugs to treat ADHD, and anxiolytics-hypnotics-sedatives. On the contrary, the prescribing of antidepressants, antipsychotics and mood stabilizers decreased. These results are in line with previous studies \[[@CR1], [@CR10]--[@CR14]\], which show that the prescription of psychotropics is departing from the 2 to 3 fold increase seen in the mid 80's to the beginning of the twenty-first century \[[@CR15]--[@CR17]\].

Several events in the last decade have impacted the pattern of utilization of psychotropics in the treatment of ADHD. One was the 2011 update of the Clinical Guidelines on the diagnosis and treatment of ADHD in children of the American Academy of Pediatrics, which now includes guideline for ages 4 to 18 (instead of ages 6 to 12) \[[@CR18]\]. Another was the Food and Drug Administration's (FDA) approval of new treatment options for ADHD such as lisdexamfetamine and non-stimulant drugs. And finally, several communications issued by FDA between 2005 and 2007 regarding cardiovascular safety and risk of suicidal ideation \[[@CR19]\]. Concerning these safety topics, in 2009 the Committee for Medicinal Products for Human use concluded that overall the benefit of these medications outweigh the risks \[[@CR20]\].

In relation to antidepressants, between 2003 and 2006 the FDA issued a Public Health Advisory about the risk of suicidality in patients taking antidepressants, proposed a boxed warning, and revised the product labeling and medication guide. These measures were controversial and concerns were expressed that these actions may have resulted in excessive declines in antidepressant prescribing, placing depressed youth at increased risks and increasing suicide attempts \[[@CR21], [@CR22]\]. Utilization studies of antidepressants performed at a later date showed that the use of antidepressants declined or stayed the same \[[@CR1], [@CR23]\], however; the changes to the individual antidepressants are not known.

Concerning antipsychotics, although use increased during the 90's and early 2000s, there has been a reduction in their utilization among children and adolescents \[[@CR10], [@CR14]\]. The decline is most likely due to increasing awareness of the metabolic effects of second-generation antipsychotics \[[@CR24]--[@CR26]\], and to the campaign lead by the American Psychiatric Association targeting the overuse of antipsychotic medication, urging physicians to not routinely prescribe antipsychotic medications to treat behavioral disorders in children \[[@CR27]\]. In addition, the pattern of utilization of psychotropics in general might have been affected given that in the last decade the FDA approved the use of atypical antipsychotics in pediatric patients for irritability associated with autism, schizophrenia and bipolar disorder \[[@CR4]\].

Several strengths and limitations of this study should be noted. The major strength was using a database which included approximately 11 million in 2014 and 7 million in 2004. The large number of individuals included provided the necessary precision and power to evaluate less commonly prescribed classes of psychotropic medications. To our knowledge, this study provides the first estimates of the annual prevalence of each individual psychotropic prescribing in the United States.

Concerning the limitations, first, the fact that a drug prescription was filled does not necessary mean that the child consumed the drug. Second, if the patient payed out of pocket or bought the medication over the counter it is not included in the database. Third, these data are aggregate across the country and do not describe regional or provider variation. Fourth, the data relies on a claims database which lacks chart data, therefore it is possible that some medications were used to treat non-psychiatric conditions such as pain relief (sedatives/hypnotics), allergies (antihistamines), or to help relax before and after surgery (sedatives). Even though in some cases the drug prescription did not imply that the child had a diagnosed psychiatric disorder, these drugs are psychotropics and have effects on psychological functions. The other limitation of this study was comparing only two years (2004 & 2014) rather than one-year time intervals between 2004 and 2014.

Conclusion {#Sec9}
==========

The global perception that psychotropic utilization in youth is increasing in the US is not valid anymore. In the last 10 years there has been a slowdown in the increase of prescribing psychotropics. In toddlers there was a decrease in the prescription (3.08 and 2.63%); in children (8.74 and 8.73%) there was no change; and in adolescents there was a slight increase (10.89 and 12.11%). The prescription of antidepressants, antipsychotics and mood stabilizers has decreased overall. These changes are likely a response to the risk minimization measures which include FDA communications, box warnings, guidelines, initiatives and campaigns issued in the last 10 years addressing the concerns that children and adolescents are being over treated with medication, especially in the US.
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